interpretation of the precautionary principle in the context of climate change and its effects, were presented as… "Where there are threats of serious or irreversible damage to the environment, lack of scientific certainty should not be used as a reason for postponing cost--effective measures to prevent environmental degradation" It is significant to note the direct reference to the 'cost effective', or economic aspect of the climate change debate. In real--world practical terms, the structure of the worlds economies and market instruments, pose what is perhaps the greatest barrier to a global consensus and subsequent action, not to mention public appetite and associated political will. The 2006 Report, The Economics of Climate Change [6] progressed the debate, purely in terms of economics and finance. The report proposed that as… "The scientific evidence is now overwhelming: climate change presents very serious global risks, and it demands an urgent response" The basic ethos of the precautionary principle appears to be reiterated, although measured more quantitavely against the GDP figures of the worlds national economies. The report advises on the benefits of early action with strong political will, and recognised that although there will inevitably be costs; the potential costs of inaction are almost incomparable in scale and severity. It is thought provoking to reflect upon the timing of the Stern Report in comparison to the subsequent collapse of the Lehman Brothers Bank in 2008 [7] It is considered by many, that the collapse of Lehman Brothers was the beginning, and perhaps the catalyst, of the global economic crisis. The effects on world banking, and especially on the economic lending instruments have been powerful and rapid, and has had significant effects on the healthcare estate. Precisely the type of global participation and investment required in the recommendations of the Stern Report have, arguably, shifted on the priority list of countries and states whose immediate goal is to simply avoid national bankruptcy. In addition to this, both the precautionary principle and the findings of the Stern Review highlight human specific challenges, which have the capacity to prevent any real concerted action on a global scale. McGuire [8] clarifies this observation, and discusses the nature of human ability to fully comprehend dangers, which he termed 'long emergencies'. He argues that human risk assessment evolved to react to near or present dangers, such as imminent invasion or attack, but the 'hard wiring' required to identify and strategically plan for threats of a more stealthy or long term nature, are absent on a species level. He continues, using as an example, the United States reaction following the attacks on Pearl Harbour in 1941 as a measure of large--scale group action in the face of imminent threat. In a six--month period following the attacks, the entire US economy reset itself with astonishing success, on an unprecedented scale to engage in a global conflict on multiple geographical fronts. To some therefore, it may seem surprising, that given the mounting scientific evidence and predictions of irreversible natural, social, and economic change (for the worse) on a global climatic scale; the social and political will (despite the global economic challenges) remains at best 'fragmented', and at worst 'indifferent'.
Climate Change and the Built Environment
Mirroring the climate change argument itself, the relationships and subsequent effects of changing weather patterns and temperature fluctuations in regards to the built environment, are inevitably an issue of scale. On the macro scale, societal infrastructure is placed in an increasingly vulnerable position due (in part) to the high population densities of the modern worlds cities. In the foreword to the book Resilient Cities [9] , Zimmerman presents the stark projection that the current city dwelling populations of the planet (whom are measured at almost half), is set to rise by 2050 to a statistical projection of 70%. Given that the majority of these figures refer to the rapidly expanding 'urban poor' population, especially in developing countries, it follows that those most affected by extreme weather or climate related events (again, in regards to scale), are likely to be those least able, geographically and economically, to deal with or recover from them. Extreme weather events are by no means restricted to the developing world however, as the 2012 Hurricane Sandy has demonstrated in New York [10] Infrastructure was paralyzed, and tens of thousands of city residents were placed in a vulnerable housing situation. It should be borne in mind that this particular 'event' was fully expected and preparatory procedures were put in place on a mass scale, and yet the effects were still devastating. Compare this also to Hurricane Katrina; again, a devastating major weather event affecting one of the most developed and affluent countries on the planet. Focusing still, on the macro scale, extreme weather events have been commonly expected on practically an annual basis in many parts of the world, although the increased urban density and expanding population have the exponential capacity to affect more people and the infrastructure supporting them. A recent example, close to the time of writing, is the devastating 'Typhoon Bhopa' in the Philippines island of Midanao [11] which is projected to have destroyed up to 80% of the agricultural capacity, with an economic cost of circa $98m. On the other end of the spectrum (or the micro scale) the observer can see immediately, the level of destruction caused to individual properties and public buildings. In human terms, disruption or contamination to vital infrastructure services, such as the water supply, or transport networks, introduces the potential to promote the spread of infectious diseases or food shortages, respectively. Both of these examples ultimately place pressure on the infrastructure 'cornerstone' of healthcare provision. It may be argued that damaged or destroyed social infrastructure (in the form of built assets) are capable of contingency planning, but the hospital, and the healthcare function are perhaps the last, and most critical, line of defence. Climate change effects are not however, restricted to such extremes as catastrophe scale events. As discussed in the Mann [2] hockey stick model, one of the most noticeable effects of a changing climate, is the measured and recorded rise in global temperatures. Short et al [12] provide one of the more explicit examples of temperature related effects in discussing the 15,000 "excess" deaths from the effects of a heatwave in Northern France in 2003. In the summer of 2006, the increase in heatwave related deaths in the UK was measured as adding an increase to the baseline mortality rate of 4%. It is emphasized here, that these deaths are not the result of a geographically targeted event, but measured on a national scale. Aside from the obvious observation that the death rate spikes dramatically, potentially from the effects of changes in the climate; as with the 'last line of defence' analogy given above in relation to large scale events, it is the existing healthcare infrastructure which is the ultimate institutional body on the front line of the society's situation management. The 2005 Report Measuring Progress: Preparing for climate change through UKCIP [13] identified the major predicted effects that climate change may have, specifically related to the built environment. As with many other aspects of this issue, these must also be viewed in the context of scale, although the primary areas of potential danger are recognised as thermal discomfort in buildings (which, if related to the previous example, affect the practical requirements for an increased demand in summer cooling), storm damage and flood damage, alongside the regional shortages of water supply. These examples are far from exhaustive, and it is impractical to identify and address a single specific occurrence or effect. The nature of the built environment, the infrastructure supporting it, and the behavior and demographic patterns of human beings, demand that an integrated approach be taken.
The Requirement for Adaptation
It has been identified that the issues of climate change, and the potential effects of the phenomena on the built environment, must be considered as a continuum or scaled process. The understanding and placement of context is critical to the identification of a problem goal, which itself is a fundamental requirement for the successful implementation of the decision making activity. Decision making in these terms is a critical process and will be explored in a subsequent section of the paper. When considering adaptation, a similar 'scaled' approach must be undertaken. In terms of both climate change and the built environment, the contextual positioning of adaptation requires clarification, again, on a macro and micro level. In the context of 'a' facility or building, Douglas [14] defines adaptation as… "…any major works to adjust, reuse or upgrade a building to suit new conditions or requirements" This is a very 'asset specific' description. A purely physical activity is described that may be planned, designed, and constructed within the normal parameters of the 'standard' project management and procurement processes. Adaptation of a single facility however, has the capacity to fail on an infrastructure basis, when measured as part of an integrated approach as described previously. Boyd and Tompkins [15] illustrate this potentially myopic approach with the example of a property owner constructing a seawall to protect their facility against 'wave attack'. This is measured as a success in terms of a singular project, however the redirection of tidal energy may have the effect of increasing the severity of erosion further down the coast on multiple facilities or properties. From an integrated and sustainability focused standpoint; could the original adaptation project still be considered as a success? In the context of infrastructure, and accepting that regardless of the argument on the causes of climate change and extreme weather events, the definition and understanding of adaptation must be 'up--scaled'. Various definitions exist in the literature, however the following, taken from the Organisation for Economic Co--operation and Development [16] [17] Adaptation in these terms is a far more strategic endeavor. The adaptation of the stand alone facility or building as described by Douglas [14] is critical, and yet, as with the issue of healthcare provision in 'infrastructure stressed' scenarios, it is the 'downstream' or 'end' aspect of the greater whole. Despite this linear seperation, there is no significant distance between the strategic adaptation requirements, and the physical adaptation methods employed at facility level. Figure 1 shows Boyd and Tompkins [15] 'eight elements' of an adaptation strategy. When these are considered against the 'usual' requirements and processes involved within the construction (or adaptation) of a major public infrastructure project such as an acute hospital, it can be seen that the differences are in fact slight, and only differ on most elements in regards to scale. Linking Climate Change to the Sustainability model Climate change and sustainability are both issues relating to environmental concerns. The much--recognised sustainability Venn diagram shows 'environment' to be only one dimension of a triple dimensional model, which also incorporates 'social' and 'economic' aspects. The environment in respect of climate change may be perceived as the complete atmospheric system in which humans reside. Sustainability by its very nature, is targeted strongly towards the reduction and/or replacement in use of the earths natural resources and fossil fuels. This applies to both finite resources such as oil and coal, but also replaceable resources such as timber or (arguably) water. It could be debated that given these 'on the earth' and 'around the earth' distinctions, that sustainability and climate change are in fact two completely separated paradigms. However, the paper challenges this separation and it is suggested that in considering the potential adaptation requirements of the urban condition, then it is not only desirable, but essential to consider climate change and sustainability as two interlinking approaches. Figure 2 is simplistic in its representation of the closed loop process inter--linking sustainability with climate change, yet it provides immediate opportunities to, firstly; identify the main interface points between sustainability and climate change issues, and secondly; to break the loop into distinct dimensions. This allows the observer the opportunity to identify optimal intervention points, designed to break or minimize the effects and impacts associated with each issue. Therefore, in addition to understanding adaptation in terms of scale, as previously discussed, adaptation as an approach, must also sit astride and incorporate both sustainability and climate change as an integrated process or phenomenon.
Healthcare Infrastructure and Adaptability
It was suggested previously that the hospital is the 'key' physical asset representing one of the main infrastructure services (i.e. Healthcare). What places the hospital within a demanding league of its own, and sets it apart from other infrastructure assets, are the 'functional requirements'. These requirements differ from the majority of infrastructure networks in the sense that the pressures placed upon healthcare facilities are multi--faceted, whether in the context of an extreme weather event or the susceptibility to the more gradually evolving effects of a changing climate. This is most clearly understood by the appreciation that in the first instance (and shared with all other infrastructure assets), the building itself is vulnerable to the effects of changes in climate and weather patterns. These effects are both external and internal in nature (for example, building fabric performance and indoor environmental quality) but are broadly driven by the same factors identified by Oven et al [18] of heatwaves, coldwaves, floods, and storms. Secondly, and uniquely, the hospital by its nature must have the capacity to treat those affected by climate related effects. This itself is a double--edged sword, in the sense that the built asset must have the capability to provide a clinical or recuperative environment (such as cooling for heat related injuries), and also that the clinical models of care are flexible and resilient enough to deal with medical situations as they arise. This demands that the hospital as an asset, and the provision of effective healthcare as a service, presents a critical requirement to model the integrated nature of both in the face of complex adaptation requirements. Given the number of variables associated with the hospital, and the rapidity of changes in both treatments and conditions, it is therefore surprising that the challenge of adaptation to date, has largely focused on domestic or commercial premises [19] [20] driven primarily in terms of economic evaluation. This also contrasts with Boyd and Tompkins [15] eight required elements for an effective adaptation strategy shown in Figure 1 . Carter [21] takes a wider view, and suggests that across Europe, adaptation requirements present a 'very low priority' for city planners and governors. There are of course, regional exceptions such as Madrid, Manchester, Basel, Freiburg et al, but given the fact that circa 75% of Europeans live in urban areas, a figure predicted to rise to 80% by 2020 [22] , this apparent reluctance to engage on a city or national scale is perplexing. The Role of Refurbishment Adaptation of the healthcare estate has been considered so far, mainly in the context of strategic planning requirements. However, referring back to Douglas's [14] definition of adaptation specifically in the sense of the physical built asset, it naturally follows that strategic plans must ultimately equate into physical works or actions. An understanding of the relationship between adaptation and refurbishment is a key point, and Douglas [14] recognises this in placing refurbishment as a 'level of intervention' within the overall adaptation process. Markus [23] highlighted the …'unhappy confusion' of terms used interchangeably when considering building adaptation, refurbishment, alteration, or maintenance. At face value, this distinction might be considered as merely an exercise in semantics, however the legislative, regulatory, and funding requirements of capital release on hospital refurbishment projects (certainly within the United Kingdom) are highly prescriptive in nature. The current assessment model used (predominantly) in the UK, is the BREEAM assessment tool currently addressing what it terms 'major refurbishment' projects. The criteria identifying a major refurbishment are offered as… "For the purposes of a BREEAM assessment, a major refurbishment project is a project that results in the provision, extension or alteration of thermal elements and/or building services and fittings. Thermal elements include walls, roofs and floors. Fittings include windows (incl. rooflights), entrance doors. Building services include lighting, heating and mechanical ventilation/cooling" [24] There are a number of factors which need considered in regards to the refurbishment activities described within the BREEAM assessment (and guidance) In the first instance, the fact that the UK Government has legislated to demand a BREEAM assessment as a mandatory design and construction consideration may be justifiably viewed as a welcome step in the right direction. The other side of the argument however, also has merit in viewing the success of BREEAM application as part of the problem rather than solution. Stringent legislation and inflexible prescriptive requirements within the assessment methodology impress many practitioners and user groups with the emergence of additional layers of bureaucracy and cost which, when measured against wider sustainability aims, provide negligible effect when viewed through the lens of value versus cost. Implementing adaptability--focused changes to the refurbishment process of an existing facility requires an understanding of the pro--active/reactive connections between the activities and drivers of adaptability, refurbishment, resilience, and vulnerability. Figure 3 shows the characteristics of these connections. Defend against Preventative "A set of explicit and well--defined rules to collect, assess and process information in order to be able to make recommendations in decision and/or evaluation processes" Loken [28] clarifies this further in identifying the DM (at the most fundamental level) as being concerned with attaining what he terms the "optimal solution". This is highly significant and again, revisiting earlier discussion in the paper, a common understanding of the semantics and linguistic framing of the issue under consideration is vital. De Boer et al [29] present this in the context of the climate change 'mitigation' versus 'adaptation' argument. Mitigation in this sense, being the endeavor of reducing the source reasons for proposed climate change, and adaptation accepting that climate change events are occurring and taking physical actions as necessary. Historically viewed as two completely separate issues, the growing frequency of extreme weather or climate related events seems to have forced these two issues together. Skirting the climate change argument, the undeniable fact is that these extreme weather events 'are' happening and as such, decisions in regard to adaptation strategies are becoming far more mainstream. There is an irony in the field of decision making however, and this is recognised within the Encyclopedia of Decision Making and Decision Making Technologies [30] in that, the rapid growth and vast expansion of techniques in the decision making field, have presented the DM with an intimidating range of options on methodology choice. In essence; the decision to select an appropriate decision making process, in itself requires a decision making process for the decision maker. In application to the adaptation of the healthcare infrastructure, the DM is immediately confronted with the need to consider the issue in the context of scale. Governmental and institutional policy and guidance are becoming increasingly familiar to the Facilities Managers, Estates Managers, Healthcare Practitioners, and Design Teams associated with the physical interventions to the built asset. However, in practice, these may be viewed as merely identifying the high level issues associated with climate change and adaptation, without any 'facility specific' direction on 'how' to best proceed. Morrisey et al [31] agree with this perspective, suggesting that there is a noticeable weakness in the integrated decision making process for infrastructure projects, specifically at the 'micro' level. In terms of the actual realization of adaptive benefits to the facility, the decision making process itself is only part of the process. The NHS, as a publicly funded body, is subject to strict controls and requirements as evidenced (for examples sake) by the Scottish Capital Investment Manual [32] which clearly states the 'duty' of the decision makers to demonstrate that 'Value for Money' has been achieved. This is arguably, an extremely challenging task in terms of provenance, unless the decision making process can be measured and quantified. How could the observer know, that the decisions undertaken within the early design and specification stages address both the adaptive requirements of the facility in terms of extreme weather resilience, whilst also demonstrating that this has met the mandatory 'duty' to demonstrate that Value for Money has been achieved?
There is no simple solution, nor (and mirroring the general ethos of all multi--criteria decision making techniques) is there necessarily an absolutely right solution. In this context, the DM is presented with the challenge of finding a 'best fit' solution, which is subject to compromise and trade off, dependent upon the unique specifics of the facility and business case in question. Zarghami & Szidaroszky [33] capture the main dimensions of the decision making process in suggesting five step process (Table 1) Step Activity 1 2 3 4 5
Identify Goal (and Objectives)
Identify Criteria Identify Alternatives Alternatives/Criteria Evaluation Make Decision Table 1 . 5 Step decision making process (adapted from Zarghami & Szidarovszky 2011) The decision making process is fundamentally a human endeavor, and as such it is argued that the process can only be automated to a degree. This is more prevalent the more detailed the issue becomes in regards to scale. Morrissey et als [31] identification of the weakness in this 'micro' scale is reiterated. Regardless of the high level commitments and political rhetoric in regards to the dangers, wants, and needs of issues relating to climate change and adaptation; it is at the point of Client/Design--Team/Stakeholder interface, where the 'real' physical interventions are made; these being in turn, as the result of 'some form' of decision making process.
The Basic Characteristics of an Integrated Decision Making Model
The paper has reviewed the context for a decision making model, and also highlighted the basic steps required throughout the decision making process. It is important however, to highlight the essential characteristics of a decision model in terms of the identified decision makers' themselves, and the parameters and limitations of the models design. Primary research has overwhelmingly recognised the need for simplicity and familiarity for use by a decision making team which encompasses both clinical and design oriented backgrounds. An uncomplicated, and navigable graphical user interface is key to this process. Clear guidance and direction on identifying a discrete (or workable) range of criteria and options is a critical aspect of the models design. To this end, the research has identified that the models prototype development, must allow for a process of discussion and consensus between the assorted professional disciplines, and allow also, for the quantification and measurement of subjective values by means of simple weighting and comparison calculations. Additionally, a clear visual representation of the models results, with the inbuilt ability for non--financial and financial sensitivity analysis, is ultimately the key (stakeholder oriented) objective of the completed prototype. Finally, and of especial significance in considering healthcare infrastructure, any model must have the flexibility to pursue 'best fit' solutions in the context of scale, from the wdier healthcare infrastructure on national or regional basis, down to the specific requirements of the individual hospital or healthcare facility.
